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Photosensor circuit 



(57) A photosensor circuit (1 ) includes an initial set- 
ting unit (2) which is able to preclude the occurrence of 
a residual innage. When an optical signal is detected by 
a photoelectric transducer (PD), the initial setting unit 
(2) sets the gate voltage of an n-channel MOS transistor 



(Q1) at a high value for a predeternnined time to lower 
the drain-source innpedance of the n-channel MOS tran- 
sistor (Q1 ) to thereby control charge or discharge of a 
capacitor (C) connected to a source terminal (P). A p- 
channel MOS transistor circuit is also described. 
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Description 

The present invention relates generally to photo- 
sensor circuits for detecting a sensor output corre- 
sponding to the intensity of light (illumination), and more s 
particularly to a photosensor circuit having a wide dy- 
nannic range and high sensitivity in detection of the in- 
tensity of light. 

A photosensor circuit is known which comprises a 
photodiode (PD) for generating a sensor current corre- to 
sponding to the intensity of light (optical signal), and a 
resistance load R for converting the sensor current gen- 
erated by the PD into a detected voltage varying linearly 
with the sensor current. Thus, the known photosensor 
circuit detects light intensity (optical signal) as a sensor >5 
output in the form of voltage. 

One exannple of such a known photosensor circuit 
is shown in FIG. 8. As shown in this figure, the known 
photosensor circuit is comprised of a photodiode PD. an 
operational amplifier OP and a resistor R. The photodi- 20 
ode PD converts an optical signal Ls into a sensor cur- 
rent Iq whose intensity is proportional to the intensity of 
the optical signal Lg. The operational amplifier OP am- 
plifies the sensor current Iq to a predetermined gain un- 
der load of the resistor R and outputs a sensor output 25 
(detected voltage Vq) proportional to the sensor current 
\q. Thus, the optical signal Lq first detected by the pho- 
todiode PD is eventually detected in the form of a de- 
tected voltage varying linearly with the optical signal 
Ls -0 

Another conventionally known photosensor circuit 
includes a photodiode (PD) for generating a sensor cur- 
rent corresponding to the intensity of light (optical sig- 
nal), and a metal-oxide-semiconductor (MOS) transistor 
for converting the sensor current generated by the PD 35 
into a detected voltage varying logarithmically with the 
sensor current. Thus, the conventional photosensor cir- 
cuit detects light intensity (optical signal) as a sensor 
output in the form of voltage. 

One example of such a conventional photosensor 40 
circuit is shown in FIG. 9. As shown in the figure, the 
photosensor circuit 1 0 is comprised of a photodiode PD, 
an n-channel MOS transistor Q1 connected in series 
with the photodiode PD, an n-channel MOS transistor 
Q2 having a gate connected to a junction point P (sensor -^s 
detection terminal) between the photodiode PD and the 
n-channel MOS transistor Q1 , and an n-channel MOS 
transistor Q3 connected in series with the n-channel 
MOS transistor Q2. 

Connected to the junction point P is an equivalent 50 
capacitor C consisting of a synthesized stray capaci- 
tance caused by the relative proximity of the photodiode 
PD, n-channel MOS transistor Q1 , n-channel MOS tran- 
sistor Q2 and wires interconnecting these parts, or a ca- 
pacitor formed during the semiconductor fabrication 
process. 

The photodiode PD detects an optical signal Lg and 
converts it into a sensor current Iq whose intensity is 



proportional to the intensity of the optical signal L3. 

The n-channel MOS transistor Ql forms a load of 
the photodiode PD and converts the sensor current Iq 
generated by the photodiode PD into a voltage so that 
a detected voltage VD is developed at the sensor de- 
tection terminal P. 

The n-channel MOS transistor Ql forms a MOS 
transistor load having a logarithmic property in a weakly 
inverted condition or state for a range in which the sen- 
sor current Iq is small. Thus, by converting the sensor 
current Iq generated by the photodiode PD into a de- 
tected voltage Vq having a logarithmic characteristic (i. 
e., varying logarithmically with the sensor current Iq), 
the n-channel MOS transistor Q1 can logarithmically 
deal with variations of the sensor current Iq over several 
figures or units and thus enlarges the dynamic range of 
a sensor output (detected voltage Vq) relative to an input 
(sensor current Iq). 

The n-channel MOS transistor Q2 forms an output 
transistor and performs voltage-to-current conversion 
so that the detected voltage Vq can be taken out from 
the photosensor circuit 10 in the form of a sensor current 
signal. 

The n-channel MOS transistor Q3 forms a switch 
for selectively connecting and disconnecting the sensor 
current signal converted by the n-channel MOS transis- 
tor Q2, to and from an external circuit (not shown). 

The photosensor circuit 10 of the foregoing con- 
struction operates as follows. 

The n-channel MOS transistor Ql has a drain D and 
a gate G both connected to a common power supply 
voltage VD (5-volt, for example). When no optical signal 
Ls is detected (i.e., when the photodiode PD is not op- 
erated), a charge current Ij flows from the power supply 
VD through the n-channel MOS transistor Q1 to the ca- 
pacitor C and thus charges the capacitor C. Accordingly, 
the detected voltage Vq appearing at the sensor detec- 
tion terminal P rises to a predetermined value near the 
power supply voltage VD. The predetermined voltage 
value represents the initial condition in which the pho- 
todiode PD detects no optical signal L3. 

The predetermined value of the detected voltage Vq 
in the initial condition is set to a smaller value than the 
power supply voltage VD because as the detected volt- 
age Vq at the sensor detection terminal P increasing 
with the charge of the capacitor C, approaches the pow- 
er supply voltage VD, a gate-source voltage Vqq (equal 
to the drain-source voltage Vqq) of the n-channel MOS 
transistor Ql is cut down to cause the drain-source im- 
pedance to increase rapidly to thereby reduce the 
charge current Ij. 

While the photosensor circuit 1 0 is in the initial con- 
dition, the photodiode PD detects an optical signal Lq 
whereupon a sensor current Iq flows through the pho- 
todiode PD, and so the detected voltage Vq at the sen- 
sor detection terminal P decreases from the predeter- 
mined value logarithmically as a function of the drain- 
source impedance of the n-channel MOS transistor Ql 
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as the optical signal Ll increases. 

Since the sensor current \q of the photodiode PD is 
proportional to the optical signal Ls, and since the de- 
tected voltage Vq at the sensor detection terminal P is 
the product of the sensor current Iq and drain-source 
innpedance having a logarithmic characteristic, the op- 
tical signal Ls can be detected by detecting an absolute 
value of the detected voltage Vd. 

FIG. 10 is a graph showing the detected voltage 
(Vq) versus sensor current (Iq) characteristic curve of 
the above-mentioned conventional photosensor circuit 
10. 

As shown in FIG. 10, while the photosensor circuit 
10 is in the initial condition (sensor current Iq=10'^2 A), 
the detected voltage Vq has a predetermined value of 
4.5 V. When the sensor current Iq increases over five 
figures up to 10*'', the detected voltage Vq becomes 
4.2V. 

Thus, the photosensor circuit 10 is able to detect a 
five-figures (one hundred thousand-fold) change in the 
optical signal Ls by only a 0.3 V change in the detected 
voltage Vq and, hence, provides a wide dynamic range 
relative to the input of the optical signal Lq, 

However in the conventional photosensor circuit 
shown in FIG. 8, detected voltages Vq corresponding to 
optical signals Ls are detected in a linear characteristic. 
Accordingly, when the range of the optical signals Ls to 
be detected is wide (such as five figures), the detected 
voltage Vq becomes saturated due to restriction by the 
source voltage, making it difficult to increase or widen 
the dynamic range of the photosensor circuit. 

In the case of the photosensor circuit 10 shown in 
FIG. 9, when the photodiode PD fails to detect the opti- 
cal signal Ls. it is cut off to cause the charge current Ij 
to flow into the capacitor 0, thereby increasing the de- 
tected voltage Vq appearing at the sensor detection ter- 
minal P. In this instance, however, due to a sudden in- 
crease in the drain-source impedance of the n-channel 
MOS transistor Q1 previously described, the detected 
voltage Vq cannot exceed the predetermined value (see 
FIG. 10). 

FIG. 11 is a graph showing the detected voltage 
(Vq) versus time (t) characteristic curve of the conven- 
tional photosensor circuit 10 shown in FIG. 9. 

As evidenced from FIG. 11 , the detected voltage Vq 
shows a sudden rise relative to the time t lapsed after 
the cutoff of the photodiode PD until it approaches a pre- 
determined value (detected voltage Vq=4.5). Thereaf- 
ter, the detected voltage Vq does not show a further in- 
crease from the predetermined value of 4.5 V even 
when the time goes by. 

Accordingly, when the photosensor circuit is em- 
ployed in an indicator in which a plurality of such photo- 
sensor circuits are arranged in a matrix pattern to form 
a photosensor array, a difficulty arises in that, due to a 
relatively long response time required for the detected 
voltage Vq to reach the predetermined value (4.5 V), the 
indicator may hold a residual image over a relatively 



long period of time. 

In the case of the conventional photosensor circuit 
10, even in a range of the optical signal Ls in which the 
optical signal Ls has very small values (sensor current 

5 I3 = lO-is - 10-11 A), the detected voltage Vq shows a 
logarithmic characteristic, as shown in FIG. 10. It is, 
therefore, difficult to lower a value of the minimum de- 
tectable level of the very small optical signal Ls= result- 
ing in reduced sensor sensitivity. 

^0 Furthermore, since the n-channel MOS transistor 

Q1 and the capacitor 0 of the conventional photosensor 
circuit 10 jointly form a peak hold circuit against noise, 
a large-amplitude noise level can be detected in error 
as an optical signal Ls, lowering the signal-to-noise (S/ 
N) ratio of the photosensor circuit 10. As a result, the 
detectable minimum level of illumination (intensity of 
light) increases, while sensitivity of the photosensor cir- 
cuit is reduced. 

In view of the foregoing, an object of the present 

20 invention is to provide a photosensor circuit which is free 
from the generation of a residual image and has a con- 
siderably wide dynamic range. 

In brief, the photosensor circuit according to the 
present invention is constructed to set a setting value of 

^5 the detected voltage for a standby time at a value higher 
than a value corresponding to a minimum detectable op- 
tical signal level, thus precluding the generation of a re- 
sidual image. Very small optical signals can be detected 
in a linear response region of the photosensor circuit, 

30 while larger optical signals are detected in a logarithmic 
response region of the photosensor circuit. Thus, the 
photosensor circuit has a considerably wide dynamic 
range which ensures reliable detection of the very small 
optical signals as well as the large optical signals. 

3S More specifically, according to a first aspect of the 

present invention, there is provided a photosensor cir- 
cuit comprising; a photoelectric transducer for detecting 
an optical signal and providing a sensor current; an n- 
channel MOS transistor connected in series with the 

^0 photoelectric transducer for converting the sensor cur- 
rent generated by the photoelectric transducer into a de- 
tected voltage having a logarithmic characteristic in a 
weakly inverted state; and an initial setting unit for, after 
detection of the optical signal by the photoelectric trans- 

45 ducer, setting a gate voltage of the n-channel MOS tran- 
sistor at a value higher than a predetermined value for 
a predetermined time to lower an impedance between 
a drain and a source of the n-channel MOS transistor to 
thereby control charge or discharge of a capacitor con- 

50 nected to a detection terminal disposed at a junction be- 
tween the photoelectric transducer and the n-channel 
MOS transistor. 

The photosensor circuit preferably has a linear re- 
sponse region in which the sensor current generated by 

55 the photoelectric transducer is a very small current be- 
low a predetermined value, and the detected voltage is 
proportional to a charge current or a discharge current 
of the capacitor, and a logarithmic response region in 
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which the sensor current generated by the photoelectric 
transducer is a large current above the predetermined 
value, and the detected voltage has a logarithnntc char- 
acteristic corresponding to a load dynamic characteris- 
tic of the n-channel MOS transistor. 

According to a second aspect of the present inven- 
tion, there is provided a photosensor circuit comprising; 
a photoelectric transducer for detecting an optical signal 
and forming a sensor current; a p-channel MOS transis- 
tor connected in series with the photoelectric transducer 
for converting the sensor current generated by the pho- 
toelectric transducer into a detected voltage having a 
logarithmic characteristic in a weakly inverted state; a 
switching p-channel MOS transistor connected in paral- 
lel with the p-channel MOS transistor; and an initial set- 
ting unit for after detection of the optical signal by the 
photoelectric transducer setting a gate voltage of the 
switching p-channel MOS transistor at a value lower 
than a predetermined value for a predetermined time to 
lower an impedance between a drain and a source of 
the switching p-channel MOS transistor to thereby con- 
trol charge or discharge of a capacitor connected to a 
detection terminal disposed at a junction between the 
photoelectric transducer and the p-channel MOS tran- 
sistor. 

The photosensor circuit preferably has a linear re- 
sponse region in which the sensor current generated by 
the photoelectric transducer is a very small current be- 
low a predetermined value, and the detected voltage is 
proportional to a charge current or a discharge current 
of the capacitor and a logarithmic response region in 
which the sensor current generated by the photoelectric 
transducer is a large current above the predetermined 
value, and the detected voltage has a logarithmic char- 
acteristic corresponding to a load dynamic characteris- 
tic of the p-channel MOS transistor. 

The initial setting unit sets the gate voltage of the 
n-channel MOS transistor or the gate voltage of the 
switching p-channel MOS transistor at a higher or lower 
value respectively for a predetermined period of time to 
lower the drain-source impedance of the MOS transistor 
to thereby control charge or discharge of the capacitor 
such that a setting value of the detected voltage for the 
standby time is set at a value higher than the value cor- 
responding to the minimum detectable optical signal lev- 
el. With this arrangement, generation of a residual im- 
age can be avoided. 

The above and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following description when making refer- 
ence to the detailed description and the accompanying 
sheets of drawings in which preferred structural embod- 
iments incorporating the principles of the present inven- 
tion are shown by way of illustrated examples. 

FIG. 1 is a circuit diagram showing a photosensor 
circuit using n-channel MOS transistors according 
to an embodiment of the present invention; 



FIG. 2 is a block diagram showing a main portion of 
an initial setting unit of the photosensor circuit: 
FIG. 3 is a time chart showing the relationship be- 
tween a timer signal TS and a gate voltage VG of 

5 the initial setting unit; 

FIG. 4 is a graph showing the detected voltage 
(Vqo) versus time (t) characteristic curve of the pho- 
tosensor circuit of the present invention; 
FIG. 5 is a graph showing the detected voltage 
(Vdo) versus sensor current (Ip) characteristic curve 
of the photosensor circuit of the present invention; 
FIG. 6 is a circuit diagram showing a main portion 
of a photosensor circuit using an n-channel MOS 
transistor according to another embodiment of the 

^5 present invention; 

FIG. 7 is a circuit diagram showing a main portion 
of a photosensor circuit using a pair of parallel con- 
nected p-channel MOS transistors according to still 
another embodiment of the present invention; 

^0 FIG. 8 is a circuit diagram showing a conventional 
photosensor circuit: 

FIG. 9 is a circuit diagram showing another conven- 
tional photosensor circuit; 

FIG. 10 is a graph showing the detected voltage 
(Vqo) versus sensor current (Iq) characteristic curve 
of the photosensor circuit shown in FIG. 9; and 
FIG. 11 is a graph showing the detected voltage 
(Vq) versus time (t) characteristic curve of the con- 
ventional photosensor circuit shown in FIG. 9. 

30 

FIG. 1 shows, in circuit diagram, a photosensor cir- 
cuit including n-channel MOS transistors according to a 
first embodiment of the present invention. 

The photosensor circuit 1 generally comprises an 

35 initial setting unit 2 and a photosensor 3 electrically con- 
nected together The photosensor 3 is composed of a 
photoelectric transducer such as a photodiode PD, an 
n-channel MOS transistor Q1 connected in series with 
the photodiode PD, an n-channel MOS transistor Q2 
having a gate connected to a junction point P (sensor 
detection terminal) between the photodiode PD and the 
n-channel MOS transistor Q1, and an n-channel MOS 
transistor Q3 connected in series with the n-channel 
MOS transistor Q2. 

•^5 An equivalent capacitor C consisting of a synthe- 
sized stray capacitance caused by the relative proximity 
of the photodiode PD, the n-channel MOS transistor Q1 , 
the n-channel MOS transistor Q2, and wires intercon- 
necting these parts, or a capacitor formed during the 

50 semiconductor fabrication process is disposed between 
the sensor detection terminal P and the ground (GND). 

The photodiode (photoelectric transducer) PD de- 
tects an optical signal Lg and converts it into a sensor 
current Iq whose intensity varies in proportion tochang- 

55 es in the optical signal Lg. The photoelectric transducer 
should by no means be limited to the photodiode PD but 
may include a phototransistor, a MOS transistor and so 
on. 
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The n-channel MOS transistor Q1 fornns a load of 
the photodiode PD and converts the sensor current Ip 
detected by the photodiode PD into a voltage to gener- 
ate a detected voltage Vq at the sensor detection termi- 
nal P. 

The n-channel MOS transistor Q1 also fornns a 
MOS transistor load having a logarithmic property in a 
weakly inverted condition or state for a range in which 
the sensor current Iq is smalL and converts the sensor 
current Iq detected by the photodiode PD into a detected 
voltage Vq having a logarithmic characteristic (namely, 
varying logarithmically as a function of the sensor cur- 
rent). The n-channel MOS transistor Q1 is able to loga- 
rithmically deal with changes in the sensor current Iq 
over several figures, and thus widens the dynamic range 
of an output (detected voltage Vq) relative to an input 
(sensor current Iq). 

The n-channel MOS transistor Q2 forms an output 
device and performs voltage-to-current conversion so 
that the detected voltage Vq can be taken out from the 
photosensor circuit 1 in the form of a sensor current sig- 
nal. The n-channei MOS transistor Q3 forms a switch 
for selectively connecting and disconnecting the sensor 
current signal converted by the n-channet MOS transis- 
tor Q2, relative to an external circuit (not shown). The 
output device and the switch should by no means be 
limited to the n-channel MOS transistors Q2 and Q3 
used in the illustrated embodiment but may include any 
other devices as long as they can form an output device 
and a switch. 

The initial setting unit 2 is connected to a gate G of 
the n-channel MOS transistor Q1. As shown in FIG. 2, 
the initial setting unit 2 is comprised of a timer 4 and a 
changeover switch 5 connected together to supply a 
gate voltage VG to the gate G of the n-channel MOS 
transistor Q1 of the photosensor 3 at two different val- 
ues: one for an operating time of the photosensor 3 and 
the other for a standby time of the photosensor 3. 

The timer 4 supplies the changeover switch 5 with 
a timer signal Tg having a cycle period T (T1 +T2) which 
is equal to the sum of an operating time T1 in which the 
photosensor 3 is able to detect an optical signal Lq, and 
a standby time T2 in which the photosensor 3 is standing 
by for subsequent detection of an optical signal Ls. 

The changeover switch 5 is formed by an electronic 
switch, for example, and selects, based on the timer sig- 
nal T3 fed from the timer 4, either a drain voltage VD of 
the n-channel MOS transistor Q1 , or a voltage VH of a 
value sufficiently higher than the drain voltage VD, so 
as to supply the selected voltage VD or VH as a gate 
voltage VG to the gate G of the n-channel MOS transis- 
tor Q1. 

The gate voltage VG is set at the drain voltage VD 
for the operating time T1 of the timer signal T3, while it 
is set at the high voltage VH for the standby time T2 of 
the timer signal T3. 

FIG. 3 is a time chart showing the relationship be- 
tween the timer signal Ts and the gate voltage VG. As 



shown in this figure, the timer 4 supplies the changeover 
switch 5 with a high-level (H) timer signal Tg for a rela- 
tively long operating time T1 in which an optical signal 
Lg can be detected, and a low-level (L) timer signal T3 
5 for a relatively short standby time T2, 

The changeover switch 5, as long as it receives the 
H-level timer signal T3 (namely, for the operating time 
T1 ), selects the drain voltage VD and outputs it as a gate 
voltage VG. 

10 Conversely, as long as it receives the L-level timer 
signal T3 (namely, for the standby time T2), the change- 
over switch 5 selects the voltage VH sufficiently higher 
than the drain voltage DV and outputs it as a gate volt- 
age VG. 

?5 The gate voltage VG selectively taking the value of 
the drain voltage VD for the time T1 and the value of the 
high voltage VH for the time T2 is output repeatedly at 
the cycle period T (T1 +T2) so as to control the operation 
of the photosensor 3. 

20 The photosensor circuit 1 of the foregoing construc- 
tion operates as follows. 

As shown in FIG. 3, when operation shifts from the 
operating time T1 in which an optical signal Lg can be 
detected, to the standby time T2, the initial setting unit 

25 2 (FIG. 1 ) starts supplying the gate G of the n-channel 
MOS transistor Q1 with a high voltage VH which is suf- 
ficiently higher than the drain voltage VD. With this ap- 
plication of the high voltage VH, an impedance between 
the drain D and the source S (drain-source impedance) 

30 of the n-channel MOS transistor Q1 becomes low, there- 
by permitting a charge current Ijq to flow into the capac- 
itor G for charging the latter rapidly. As a consequence, 
the detected voltage Vqq developed at the sensor de- 
tection terminal P rises up to a value (4.95 V, for exam- 

55 pie) approximately equal to the power supply VD (drain 
voltage VD=5V for example) in the time T2. 

Further description will be given below with refer- 
ence to the detected voltage (Vqq) versus time (t) char- 
acteristic curve shown in FIG. 4. 

•^0 As indicated by the solid line shown in FIG. 4, the 
detected voltage Vqq rises sharply to a value almost 
equal to the power supply VD (5V) in a short period of 
time (1 ms or less). 

For the time T2, the detected voltage Vqq (indicated 

•^5 by the solid line shown in FIG. 4) is initially set to a higher 
value (deviation ANq=Vqo-Vq) than the detected value 
VD (indicated by the broken line shown in FIG. 4) of the 
conventional photosensor circuit 10 shown in FIG. 9. 
Accordingly, by shifting from the operation time T1 

50 to the standby time T2, the detected voltage Vqq imme- 
diately goes up to the value proximate to the power sup- 
ply VD (5V). Since the detected voltage Vqq can thus 
be set at a higher value than the maximum detectable 
level of the optical signal Lg, the photosensor circuit 1 

55 of the present invention does not produce a residual im- 
age which would otherwise be caused when the initially 
setting value of the detected value Vq is low such as 
one falling within a range of the minimum detectable lev- 
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el of the optical signal Ls, as experienced in the case of 
the conventional photosensor circuit 1 0 shown in FIG. 9. 

During the operating time T1 , since noises are lev- 
elled or smoothed by an integral action of the capacitor 
C: the photosensor circuit 1 does not pick up or detect 
any noise as an optical signal L3 even when it encoun- 
ters an abrupt change in the noise level. Thus, the pho- 
tosensor circuit 1 has a high signal-to-noise (S/N) ratio. 

From this condition, the operation shifts to the op- 
erating time T1 shown in FIG. 3, whereupon the initial 
setting unit 2 (FIG. 1) supplies the drain voltage VD to 
the gate G of the n-channel MOS transistor Q1 , causing 
the drain-source impedance to increase. Accordingly, in 
a range of the optical signal L3 in which the optical signal 
Ls is very small and hence the sensor current Iq is small 
too, a discharge current 1^ released or discharged from 
the capacitor G becomes dominant in the sensor current 
l[3 over the current supplied from the n-channel MOS 
transistor Q1 . Accordingly, a detected voltage Vqq de- 
veloped at the sensor detection terminal P decreases 
linearly with the discharge current II and thus forms a 
linear response region. 

As the sensor current Iq of the photodiode PD in- 
creases with an increase in the optical signal L3, the cur- 
rent supplied from the n-channel MOS transistor Q1 be- 
comes dominant in the sensor current Iq. Accordingly, 
the detected voltage Vqq developed at the sensor de- 
tection terminal P decreases logarithmically so as to 
form a logarithmic (log) response region in which the de- 
tected voltage Vqq represents a value of a logarithmic 
characteristic corresponding to a load dynamic charac- 
teristic of the n-channel MOS transistor Q1 . 

FIG. 5 shows the detected voltage (Vqq) versus 
sensor current (Iq) characteristic curve of the photosen- 
sor circuit 1 of the present invention. 

As shown in F!G. 5, the detected voltage Vqq forms, 
for very small sensor currents Iq (ranging from lO"''^ a 
to IQ-'''' A), the linear response region in which it de- 
creases linearly with the change in the discharge current 
II (FIG. 1 ) of the capacitor 0 and, for greater sensor cur- 
rents Iq (exceeding 10-^1 A), it forms the log response 
region in which it decreases logarithmically in corre- 
spondence to the load dynamic characteristic of the n- 
channel MOS transistor Q1 . 

As opposed to the photosensor circuit 1 of the 
present invention, the photosensor circuit 10 shown in 
FIG. 9 does not form a linear response region for the 
very small sensor currents Iq but forms a log response 
region as indicated by the solid-lined detected voltage 
Vq shown in FIG. 5 because the gate voltage VG of the 
n-channel MOS transistor Q1 is always set at the drain 
voltage VD. 

In FIG. 5, the detected voltage Vqq changes its re- 
sponse region from the non-linear response region (log 
response region) to the linear response region, and vice 
versa, at a point where the sensor current Iq flowing in 
the photodiode PD is equal to the current flowing in the 
n-channel MOS transistor Q1 (in FIG. 5, the point cor- 



responding to the sensor current Iq=10'''^ A) . The de- 
tected voltage Vqq at this point is defined here as a load 
MOS limiting voltage of the load-forming n-channel 
MOS transistor Q1. 
5 The photosensor circuit 1 is generally used in an 

indicator in which a plurality of such photosensor circuits 
1 are arranged in a matrix pattern to form a photosensor 
array. 

The photosensor circuit 1 of the present invention 
10 is able to set the detected voltage Vqq for very small 
sensor currents Iq to be variable in a wider range than 
the detected voltage Vq in the conventional photosensor 
circuit 10 shown in FIG. 9. This means that the photo- 
sensor circuit 1 can detect very small optical signals L3 
^5 with high resolution and thus has an improved degree 
of sensitivity. 

Furthermore, by virtue of the wide variable range of 
the detected voltage Vqq provided for very small sensor 
currents Iq, the photosensor circuit 1 has a wide dynam- 

^0 ic range. !n addition, since noises are levelled or 
smoothed by the integral action of the capacitor C, the 
S/N ratio of the photosensor circuit 1 is improved too. 

FIG. 6 shows, in circuit diagram, a main portion of 
a photosensor circuit incorporating therein an n-channel 

^5 MOS transistor according to another embodiment of the 
present invention. 

The photosensor circuit shown in FIG. 6 differs from 
the photosensor circuit shown in FIG. 1 in that a capac- 
itor C consisting of a synthesized stray capacitance or 

30 formed during the semiconductor fabrication process is 
disposed between a sensor detection terminal P and a 
power supply (VD). 

With the photosensor circuit thus constructed, when 
operation is switched or changed from the operating 

35 time T1 to the standby time T2, such as shown in FIG. 
3, it causes the n-channel MOS transistor Q1 to conduct, 
and so the drain-source impedance drops to a very 
small value. Thus, a discharge current Iho is permitted 
to flow from the capacitor G through the drain-source 

40 junction of the n-channel MOS transistor Q1 whereupon 

the detected voltage Vqq rises up to a value (4.95 V, for 

example) substantially equal to the power supply VD 

(drain voltage VD=5V for example) in the same manner 

as represented by the characteristic curve shown in FIG. 
45 4. 

From this condition, the operation shifts to the op- 
erating time T1 (FIG. 3) whereupon in the linear re- 
sponse region in which the sensor current Iq is very 
small, a charge current l|_ flowing in the photodiode PD 

^0 via the capacitor C becomes dominant, while in the log 
response region in which the sensor current Iq is rela- 
tively large, the current flowing in the n-channel MOS 
transistor Q1 becomes dominant. Thus, the detected 
voltage Vqq developed at the sensor detection terminal 

55 p has substantially the same characteristics as shown 
in FIG. 5 relative to the sensor current Iq. 

It is understood from the foregoing that the photo- 
sensor circuit having a capacitor C disposed between 
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the sensor detection terminal P and the power supply 
(VD) has substantially the sanne performance charac- 
teristics as the photosensor circuit 1 in which a capacitor 
C is disposed between the sensor detection terminal P 
and the ground (GND), as shown in FIG. 1. s 

FIG. 7 shows in circuit diagram a main portion of a 
photosensor circuit incorporating therein p-channe! 
MOS transistors according to a further embodiment of 
the present invention. 

The photosensor circuit shown in FIG. 7 differs from io 
the photosensor circuit of FIG. 1 in that two p-channel 
MOS transistors Q5 and Q6 are used in place of the n- 
channel MOS transistor Q1 , and the gate voltage VG of 
the initial setting unit 2 (FIG. 2) is set at a low voltage 
VL instead of at the high voltage VH. 15 

As shown in FIG. 7, the p-channel MOS transistor 
Q5 is connected in series with a photodiode PD so as 
to form a load of the photodiode PD. The p-channel 
MOS transistor Q6 used for switching purposes is con- 
nected in parallel with the p-channel MOS transistor Q5 20 
so that the two p-channel MOS transistors Q5 and Q6 
jointly form a load corresponding to one formed by the 
n-channel MOS transistor Q1 shown in FIG. 1. The 
switching p-channel MOS transistor Q6 has a gate G 
connected with the initial setting unit (not shown but 25 
identical to the one 2 shown in FIGS. 1 and 2) so that a 
voltage VD equivalent to the source voltage and the 
aforesaid low voltage VL are selectively supplied as a 
gate voltage to the gate G of the p-channet MOS tran- 
sistor Q6 from the initial setting unit 2. 30 

Throughout the operating time T1 shown in FIG. 3, 
the voltage VD corresponding to the source voltage is 
supplied to the gate of the p-channel MOS transistor Q6 
so that the p-channel MOS transistor Q6 is held in an 
OFF condition. Conversely, during the standby time T2, 35 
the low voltage VL which is sufficiently lower than the 
drain voltage is supplied to the gate of the p-channel 
MOS transistor Q6 so that the p-channel MOS transistor 
Q6 is held in an ON condition. 

Thus, in the operating time T1 the p-channel MOS 40 
transistor Q5 continuously forms a load having a loga- 
rithmic property in the same manner as the n-channel 
MOS transistor Q1 shown in FIG.1 , while in the standby 
time T2 the p-channel MOS transistor Q6 is held "ON", 
and so the source-drain impedance is cut down. The ^5 
photosensor circuit of FIG. 7 can, therefore, provide 
substantially the same performance characteristics as 
the photosensor circuit 1 shown in FIG. 1. 

In like manneras done by the single n-channel MOS 
transistor Q1, the two parallel connected p-channel 50 
MOS transistors Q5, Q6 are also able to set a setting 
value of the detected voltage Vqq for the standby time 
T2 at a higher level than a value corresponding to the 
minimum detectable optical signal level whereby the oc- 
currence of a residual image can be avoided. ss 

It may readily be appreciated that the same per- 
formance characteristics as described above can be at- 
tained even when the capacitor C shown in FIG. 7 is 



disposed between the sensor detection terminal P and 
the power supply (VD), such as shown in FIG. 6. 

As described above, according to one preferred 
form of the present invention, a photosensor circuit in- 
cludes an initial setting unit for, after detection of an op- 
tical signal by a photodiode (photoelectric transducer), 
setting the gate voltage of an n-channel MOS transistor 
at a high value for a predetermined time to lower a drain- 
source impedance of the n-channel MOS transistor to 
thereby control charge or discharge of a capacitor con- 
nected to a detection terminal disposed at a junction be- 
tween the photodiode and the n-channel MOS transis- 
tor. With this arrangement, the setting value of the de- 
tected voltage for the standby time can be set at a higher 
value than a value corresponding to the minimum de- 
tectable optical signal level, and so the occurrence of a 
residual image can be avoided. 

According to another preferred form of the present 
invention, a photosensor circuit includes an initial setting 
unit for after detection of an optical signal by a photoe- 
lectric transducer, setting the gate voltage of a switching 
p-channel MOS transistor at a low value for a predeter- 
mined time to lower the drain-source impedance of the 
switching p-channel MOS transistor to thereby control 
charge or discharge of a capacitor connected to a de- 
tection terminal disposed at a junction between the pho- 
toelectric transducer and another p-channel MOS tran- 
sistor which is connected in series with the photoelectric 
transducer and in parallel with the switching p-channel 
MOS transistor. In like manner as done by the n-channel 
MOS transistor, the parallel connected p-channel MOS 
transistors are also able to set the detected voltage for 
the standby time at a higher value than a value corre- 
sponding to the minimum detectable optical signal level 
with the result that the occurrence of a residual image 
can be avoided. 

According to the present invention, the photosensor 
circuit has a linear response region and a logarithmic 
response region contiguous to the linear response re- 
gion. In the linear response region, the sensor current 
generated by the photoelectric transducer is a very 
small current below a predetermined value, and the de- 
tected voltage is proportional to a charge current or a 
discharge current of said capacitor. In the logarithmic 
response region, the sensor current generated by said 
photoelectric transducer is a large current above the 
predetermined value, and the detected voltage has a 
logarithmic characteristic corresponding to a load dy- 
namic characteristic of the MOS transistor. 

The predetermined value of the sensor current is 
determined by the value of a sensor current obtained 
when the current flowing in the photoelectric transducer 
become equal to the current flowing in the MOS transis- 
tor. 

In addition, since noises are levelled or smoothed 
by the integral action of the capacitor, the S/N ratio of 
the photosensor circuit is increased, allowing the mini- 
mum detectable optical signal level to be lowered. The 
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sensitivity of the photosensor circuit can^ therefore, be 
improved. 

Obviously, various nninor changes and modifica- 
tions of the present invention are possible in the light of 
the above teaching. It is therefore to be understood that 
within the scope of the appended claims the invention 
may be practised otherwise than as specifically de- 
scribed. 



Claims 

1. A photosensor circuit (1 ) comprising; 

a photoelectric transducer (PD) for detecting an 
optical signal and providing a sensor current; 
an n-channet MOS transistor (Q1) connected 
in series with said photoelectric transducer 
(PD) for converting the sensor current generat- 
ed by said photoelectric transducer (PD) into a 
detected voltage having a logarithmic charac- 
teristic in a weakly inverted state; and 
an initial setting unit (2) for after detection of 
an optical signal by said photoelectric transduc- 
er (PD), setting a gate voltage of said n-channel 
MOS transistor (Q1) at a value higher than a 
predetermined value for a predetermined time 
to lower an impedance between a drain and a 
source of said n-channel MOS transistor (Q1 ) 
to thereby control charge or discharge of a ca- 
pacitor (C) connected to a detection terminal 
(P) disposed at a junction between said photo- 
electric transducer (PD) and said n-channel 
MOS transistor (Q1). 

2. The photosensor circuit according to claim 1 , 
wherein said photosensor circuit (1 ) has a linear re- 
sponse region in which the sensor current generat- 
ed by said photoelectric transducer (PD) is a very 
small current below a predetermined value, and the 
detected voltage (Vqq) is proportional to a charge 
current or a discharge current of said capacitor (0), 
and a logarithmic response region in which the sen- 
sor current generated by said photoelectric trans- 
ducer (PD) is a large current above said predeter- 
mined value, and the detected voltage (\/qq) has a 
logarithmic characteristic corresponding to a load 
dynamic characteristic of said n-channel MOS tran- 
sistor (Ql). 

3. The photosensor according to claim 1 or 2, wherein 
the gate voltage is set to the higher value after de- 
tection of an optical signal by controlling the gate 
voltage to said higher value during a standby period 
(T2) between operating periods (T1) during which 
the photosensor circuit is able to detect optical sig- 
nals. 



4. A photosensor circuit comprising: 

a photoelectric transducer (PD) for detecting an 
optical signal in the form of a sensor current; 

5 a p-channe! MOS transistor (Q5) connected in 

series with said photoelectric transducer (PD) 
for converting the sensor current generated by 
said photoelectric transducer (PD) into a de- 
tected voltage having a logarithmic character- 

w istic in a weakly inverted state; 

a switching p-channel MOS transistor (Q6) con- 
nected in parallel with said p-channel MOS 
transistor (Q5); and 

an initial setting unit (2) for after detection of 
75 an optical signal by said photoelectric transduc- 

er (PD), setting a gate voltage of said switching 
p-channel MOS transistor (Q6) at a value lower 
than a predetermined value for a predeter- 
mined time to lower an impedance between a 
20 drain and a source of said switching p-channel 

MOS transistor (Q6) to thereby control charge 
or discharge of a capacitor (C) connected to a 
detection terminal (P) disposed at a junction be- 
tween said photoelectric transducer (PD) and 
25 said load p-channel MOS transistor (Q5) to 

identify. 

5. The photosensor circuit according to claim 4, 
wherein said photosensor circuit (1 ) has a linear re- 

30 sponse region in which the sensor current generat- 
ed by said photoelectric transducer (PD) is a very 
small current below a predetermined value, and the 
detected voltage (Vqq) is proportional to a charge 
current or a discharge current of said capacitor (C), 

35 and a logarithmic response region in which the sen- 
sor current generated by said photoelectric trans- 
ducer (PD) is a large current above said predeter- 
mined value, and the detected voltage (Vqq) has a 
logarithmic characteristic corresponding to a load 

40 dynamic characteristic of said p-channel MOS tran- 
sistor (5). 

6. The photosensor according to claim 4 or 5, wherein 
the gate voltage is set to the lower value after de- 

•=^5 tection of an optical signal by controlling the gate 
voltage to said lower value during a standby period 
(T2) between operating periods (T1) during which 
the photosensor circuit is able to detect optical sig- 
nals. 

50 

7. A photosensor circuit (1) comprising: 

a photoelectric transducer (PD) for generating 
an optical signal in the form of a sensor current; 
55 MOS transistor means (Ql ;Q5,Q6) connected 

in series with said photoelectric transducer 
(PD) for converting the sensor current generat- 
ed by said photoelectric transducer (PD) into a 
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detected voltage having a logarithmic charac- 
teristic in a weakly inverted state: 
an initial setting unit (2) for setting a gate volt- 
age of said MOS transnnitter means (Q1: 
Q5,Q6) at a value to lower an impedance be- s 
tween a drain and a source of said MOS tran- 
sistor means (Q1:Q5,Q6) to thereby control 
charge or discharge of a capacitor (C) connect- 
ed to a detection terminal (P) disposed at a 
junction between said photoelectric transducer io 
(PD) and said MOS transistor means (Q1; 
Q5,Q6). 

8. The circuit of claim 7, wherein the MOS transistor 

means comprises an n-channel MOS transistor ?5 



9. The circuit of claim 7., wherein the MOS transistor 
means comprises a load p-channel MOS transistor 
(Q5) connected in series with said photoelectric 20 
transducer (PD) and a switching p-channel MOS 
transistor (OS) connected in parallel with said load 
p-channel MOS transistor (OS), the gate of the 
switching transistor (OS) being set to produce said 
lower impedance between the drain and source to 
thereby control the charge or discharge of said ca- 
pacitor (C). 

10. A photosensor array comprising a plurality of pho- 
tosensor circuits according to any preceding claim 30 
arranged in a matrix pattern. 
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